Introduction
In recent years, the use of whole grains has been of interest to researchers in Northern European countries, in Australia, and in Canada, to reduce the feed costs caused by transport, handling and processing (REECE et al., 1986; GABRIEL et al., 2007; AMERAH et al., , 2009 ). In addition, it was indicated that inclusion of whole grain could improve the performance, and stimulate the development of gastrointestinal tract in broilers (GABRIEL et al., 2003) . TAYLOR and JONES (2004) found that pre-pelleting inclusion of 200 g/kg whole wheat increased relative gizzard weights. Similar results were reported by SVIHUS et al. (2004) with pre-pelleting inclusion of 500 g/kg whole wheat.
What is more, the geese productions are becoming specialized and more widespread, and there are approximately 360 million geese in the world (FAO-STAT, 2010) . The structure and function of their digestive system allows them to utilize a high-fibre diet due to an efficient and powerful proventriculus and gizzard, and also due to the effective microbial breakdown of fibre in caecum and large intestine (KROPP, 1975; YANG et al., 2009) .
However, most research has been reported in broilers, and most of the grains used have been wheat. Thus, the objective of the current study was to investigate the influence of including whole corn (WC) in diets on the performance, digestive tract development and nutrient retention of geese from 28 to 70 d of age.
Material and methods

Animal and Housing
The experimental procedures were approved by the Yangzhou University Animal Ethics Committee and complied with the China Code of Practice for the Care and Use of Animals for Scientific Purposes. A total of 120 Yangzhou geese, 1 d old and with similar BW, produced by the same flock of geese, were obtained from a commercial hatchery. After feeding ground corn (GC) diet until 28 d old, 96 healthy birds with similar BW were selected, and these birds were distributed to 8 pens of 12 birds/pen (6 male, 6 female) according to similar pen weight. Each treatment was represented by 4 replicates (pens; 4m×6m; in the same room). The room temperature was approximately 24°C, and no heat was provided. The birds were under natural daylight after 28 d of age. Body weights were recorded at 1, 28, 49 and 70 d of age and feed intake by pen was measured on a daily basis. Mortality was recorded as it occurred, and F: G (Feed: Gain) values were corrected for the BW of any birds that died during the course of the experiment.
Diets
All birds were provided corn-soybean-based diets, and two particle sizes of corn grain were used: ground corn (GC) and whole corn (WC). The WC was ground in a hammer mill to pass through a screen size of 2 mm for the GC treatment. The diets (Table 1) , containing GC or WC plus soybean meal, fish meal and alfalfa meal, were formulated to meet or exceed the NRC (1994) recommendations for major nutrients for geese. The diets differed only by the corn grain size. The diets, in mash form, were offered ad libitum to each replicate. Water was freely available throughout the trial.
Digestive Tract and Intestinal Morphology Measurements
On d 70, 8 birds from each replicate (4 male and 4 female), with average BW closest to the mean weight of the pen were euthanized by cervical dislocation. Four of these birds (2 male and 2 female) were used for measurements of the digestive tract and the other 4 birds (2 male and 2 female) were used for the microscopic study of intestinal morphology.
The weights of digestive tract segments from the proventriculus to the caecum of each bird were determined. The length of each intestinal segment was determined with a flexible tape on a glass surface to prevent inadvertent stretching. The length (± 0.01 cm) of the small intestine (from the pyloric junction to the ileocecal junction), the length of the duodenum (from the pyloric junction to the most distal point of insertion of the duodenal mesentery), the length of the jejunum (from the most distal point of insertion of the duodenal mesentery to the junction with
Meckel's diverticulum), the length of the ileum (from the junction with Meckel's diverticulum to the ileocecal junction), and the length of the caecum (average mean of the sacks) were determined. After division and freeing of each intestinal segment, separating all connective tissue, and fat and removing the content with ice-cold saline flushing, the empty weights (± 0.01 g) and lengths of each segment were determined along with those of the proventriculus and the gizzard. The empty of weights of the caecum were consisted of two sacks. The relative values were calculated as a ratio of live BW.
For intestinal morphological examinations, sections from the middle of the duodenum, jejunum and ileum (about 2 cm in length) were excised and flushed with ice-cold saline and immediately placed in Bouin's fluid. Samples were transferred into 70% ethanol after 24 h. Each fixed sample was then embedded in wax and sectioned at a thickness of 7 μm, stained with alcian blue and hematoxylin-eosin, and examined by light microscopy. Six intestinal segments were fixed in each slide, and the slides were viewed on a Zeiss Axiophot microscope (Carl Zeiss, Oberkochen, Germany). Visual measurements of villus height, crypt depth and intestinal wall thickness were made on 10 villi at 40× and 100× magnifications using imaging software (LY-WN-HP Super CCD, Liyang, Chengdu, P. R. China). The variables measured were villus height (the distance from the apex of the villus to the junction of the villus and crypt), crypt depth (the distance from the junction to the basement membrane of the epithelial cell at the bottom of the crypt), and the intestinal wall thickness.
Determination of Nutrient Retention Ratio
Nutrient retention ratio was determined according to the procedure of YANG et al. (2009) and SHI et al. (2009) . At 70 d of age, 4 male geese from each group (1 bird per pen) with BW closest to the mean weight of the group were selected and housed separately in metabolism cages (75 cm × 65 cm × 35 cm) with wire floors, equipped with individual feeders and self-drinking systems, and the data were recorded individually. Housing temperature was maintained at 24°C. The birds were allowed ad libitum access to water and diet for 10 days. The technique in geese (24 h for fasting + 24 h for excreta collection) advised by SHI et al. (2009) was used in this experiment. After fasting for 24 h, all birds were tube fed 70 g diet. After crop intubation, excreta were collected for 24 h and dried to a constant weight at 65°C, after reaching equilibrium with the atmospheric moisture for 24 h, weighed and ground to pass through a 40-mesh sieve. The excreta was immediately frozen and stored at -20°C for further analysis.
Samples were analyzed for total N using the microKjeldahl method (990.03, AOAC, 2000) . Crude protein was calculated as N × 6.25. Calcium was determined by atomic absorption spectrophotometry (927.02; AOAC, 2000) . Phosphorus was determined photometrically as orthophosphate from filtered ash solutions, using the vanado-molybdate method. Ashing of samples was performed at 550°C for 12 h. Crude fibre (CF) was measured by sequential extraction with diluted acid and alkali (962.09; AOAC, 2000) . Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined sequentially as described by VAN SOEST et al. (1991) and expressed on an ash-free basis.
The nutrient retention ratio was calculated using the following formula:
Nutrient retention ratio = (Feed intake × Nutrient dietExcreta output × Nutrient excreta )/(Feed intake × Nutrient diet ) × 100%.
Statistical Analysis
Performance data were subjected to repeated measures analysis, with replicate (pen) means as the experimental unit (SAS INSTITUTE, 1996) . The parameters were averaged per pen. Prior to analysis, homogeneity of variance was examined and the normality of the data was verified. Data were compared in a completely randomized design by the one-tailed t-test of SAS software (SAS INSTITUTE, 1996) . Statements of significance were based on P < 0.05 unless otherwise stated.
Results and discussion
Performance
During the period from 29 to 49 d, daily feed intake, daily weight gain and F: G of WC-fed birds were lower (P < 0.05) than those of GC-fed birds (Table 2) . Similar results have been reported in broilers with access to whole wheat from 8 to 15 d of age (GABRIEL et al., 2007) . also found that corn ground through a hammer mill screen opening of 7 mm, which resulted in coarse particles (GMD, 0.528 mm), significantly decreased 21-d body weights and increased F: G compared with corn ground through a screen opening of 1 mm (GMD, 0.297 mm). This might be caused by difficulties of birds in swallowing the feed after changing to diet WC during during the first few days of the experiment, as observed in broilers (RAVINDRAN et al., 2006) . There was no significant difference in daily feed intake, daily weight gain and F: G between the two treatments from 50 to 70 d and from 29 to 70 d of age. In brief, results in this study are in agreement with studies on broilers using whole wheat instead of ground wheat from the second or third week of life, leading to no or positive effects during the overall rearing period on the performance and feed efficiency (PRESTON et al., 2000; HETLAND et al., 2002; GABRIEL et al., 2003 GABRIEL et al., , 2007 ENGBERG et al., 2004; SVIHUS et al., 2004) . Birds had acclimatized to WC diet after feeding for 3 weeks, and the pattern was close to compensatory growth in broilers HURWITZ, 1985, 1991; LEE and LEESON, 2001) .
Digestive Tract Measurements
Whole corn feeding in the current study had no effect on the relative weights and length of the different intestinal segments at 70 d of age (Table 3 and 4). The effects on the modification of digestive tract might depend on grain type, as reported by , who found that birds fed corn-based diets had a relatively heavier gizzard than those fed wheat-based diets. It was also indicated that modifications of digestive tract might occur in short period after stimulation (ENGBERG et al., 2004; GABRIEL et al., 2007) . What is more, geese are herbivorous waterfowl and the structure and function of their digestive system allows them to utilize the WC diet due to an efficient and powerful proventriculus and gizzard ). The results in this work were probably caused by stimulation of the digestive function in the gastrointestinal tract by WC diet rather than by causing a relative length change.
Intestinal Morphology
Villus height in jejunum and crypt depth in ileum (P < 0.05) were greater, while villus height in duodenum and intestinal wall thickness in ileum at 70 d of age tended to be greater (P = 0.055) in birds fed the WC diet compared with those fed the GC diet (Table 5 ). The results were in agreement with , who found that birds fed pelleted diets had a greater mucosal extent, villus height and crypt depth measurements compared with those fed mash diets. But the effect differed when different grain type was used. GABRIEL et al. (2007) found that inclusion of whole wheat decreased crypt depth significantly. The increased crypt depth in the current study was just observed in ileum at 70 d, which may be due to an increase in some bacterial populations, as observed in whole wheat feeding (HEDEMANN et al., 2003; ENGBERG et al., 2004) . Increased villus height and unchanged crypt depth in the duodenum and jejunum, which could be viewed as indi- cating a general increase in the digestive and absorptive capacity of the proximal small intestine in response to the greater flow of nutrients.
Nutrient Retention Ratio
There was no significant difference (P > 0.05) in the retention ratios of crude protein, calcium and phosphorus between WC-fed birds and GC-fed birds (Table 6 ). The retention ratio of CF and NDF were higher (P < 0.05) in birds fed WC diet than those fed GC diet, but birds fed GC diet had no effect on the retention ratio of ADF (P > 0.05).
The results of the present study can probably be explained by the larger gizzard sizes and increased villus height observed in birds given WC diet. A large, well-developed gizzard improves gut motility (FERKET, 2000) and may increase cholecystokinin release (SVIHUS et al., 2004) , which in turn stimulates the secretion of pancreatic enzymes and gastroduodenal refluxes (DUKE, 1992) . On the other hand, a well-developed gizzard functions as a regulator of feed intake and will improve nutrient retention. HETLAND et al. (2003) reported that the total amount of bile acids in the gizzard increased in layers with access to wood shavings indicating increased gastroduodenal reflux. It appears that 2 GC = ground corn (corn was provided as ground); WC = whole corn (corn was provided as whole). 
Conclusions
In summary, the villus height in jejunum and the crypt depth in ileum were greater, and the retention ratios of CF and NDF had been improved in birds fed WC diet than those fed GC diet. The results seemed sufficient to allow using WC in goose diets from 29 to 70 d of age. It is speculated that the use of GC from 1 to 28 d of age and then the use of WC from 29 to 70 d of age might be the best dietary option.
